Previous studies have revealed Jupiter-family comet 252P/LINEAR as a comet that was recently transported into the near-Earth object (NEO) region in ∼ 1800 AD yet only being weakly active. In this Letter, we examine the "formed (almost) dead" hypothesis for 252P/LINEAR using both dynamical and observational approaches. By statistically examining the dynamical evolution of 252P/LINEAR over a period of 10 7 years, we find the median elapsed 
Introduction
Comets are small, icy objects originating from the outer solar system. They are the leftover planetesimals from the formation of the outer planets. These objects remain in the outer solar system for most of their lifetime, until perturbations sent them into the inner solar system where they become visible. It has been noted that the observable comet population displays a large diversity in ice composition which, apart from evolutionary effects, is linked to predictions that comet nuclei were formed at different places and times in the solar nebula (e.g. Whipple 1987; Bockelée-Morvan et al. 2004) . Thus, the observation of comets provides a unique opportunity for understanding the range of chemistry in the primitive solar nebula.
However, the quest is not without its obstacles. Observational interpretations are biased by the fact that more active comets tend to be easier to detect and study, meaning that less active comets are somewhat underrepresented in the sample. Dynamical investigations are limited by the chaotic nature of the orbital evolution of small bodies, which make it challenging to reconstruct the orbit of history over even modest timescales (e.g. ∼ 10 3 yr).
The fact that the evolutionary processes of cometary nuclei are little understood makes it difficult to isolate evolutionary effects from formation diversity when addressing the volatile inventory of individual objects.
Numerical integrations carried out by Tancredi (2014) indicate that Jupiter-family comet (JFC) 252P/LINEAR might have entered the near-Earth object (NEO) region 1 only ∼ 50 orbits ago. This short dynamical timescale suggests that 252P/LINEAR should be a "physically young" comet, considering the typical physical lifetime of near-Earth JFCs of 150-200 revolutions (Di Sisto et al. 2009 ). However, with an absolute total magnitude of 1 NEO region refers to the region within 1.3 AU from the Sun.
-4 -M 1 = 18.6 2 , 252P/LINEAR exhibits the characteristics of a weakly active comet (Ye et al. 2016 ). Considering its recent entry to the NEO region, we expect evolutionary processes to have played a relatively minor role in altering the subsurface volatile composition. One possible explanation of the weak activity in this young comet could be a volatile-poor environment at the time of formation of the nucleus.
The 2016 perihelion passage of 252P/LINEAR offers an exceptional opportunity for
Earth-based observers to study the comet. The comet will pass perihelion on 2016 Mar. In this Letter, we examine the "born (almost) dead" scenario for the case of 252P/LINEAR in preparation for the observation campaigns in Mar. 2016. We adopt two approaches: an examination of the dynamical evolution of the comet ( § 2), as well as an analysis of the available comet and meteor observations guided by an existing cometary dust model ( § 3). Results from both tracks are discussed and summarized in § 4.
Dynamical Evolution
We generated 1000 "clones" of 252P/LINEAR using its orbital covariance matrix provided in JPL 28 5 , and integrated them 10 5 yr backwards in time from 2000 AD.
Integration was performed with the MERCURY6 package using the symplectic integrator (Chambers 1999) . Clones are considered to have been ejected from the solar system when they reach a heliocentric distance of 100 AU.
As shown in Figure 1 century is comparable to what it is today, the comet would have been at +10 mag during its approach in 1847. We searched through the catalog of 19th century comets compiled by Kronk (2008) but do not find any association. Comets at this magnitude may be at the observational limit for 19th century observers (Everhart 1967) , but the lack of detection also implies that the comet was probably not substantially much more active at that time compared to today.
With evidence that 252P/LINEAR has possibly been very weakly active since its current entry to the NEO region, it is possible that the comet depleted most of its volatiles during a previous residency in the NEO region. The question then becomes: how long did
5 From JPL Small-Body Database, http://ssd.jpl.nasa.gov/sbdb.cgi?sstr=252P, accessed 2015 Dec. 21.
-6 -252P/LINEAR reside in the NEO region in the past? To answer this question, we extend our integration backward and forward in time for 10 7 years. We find the median elapsed residency in the solar system (i.e. the time that the clone already spent as a bounded object) to be 1.3 × 10 5 years and median elapsed NEO region residency to be 4 × 10 2 years.
The median dynamical lifetime (i.e. the total time that the clone has and will spend as a bounded object) and median integrated time as a NEO are found to be 2.5 × 10 5 years and 4 × 10 3 years respectively. While this dynamical and NEO lifetime is comparable
to the values for the general JFC population (Fernández et al. 2002) , we note that the elapsed residency as a NEO is virtually null as it is certain the comet has already spent ∼ 200 years in the NEO region (since its current entry in ∼ 1800 AD). This suggests that 252P/LINEAR is likely a first time (or, almost first time) visitor to the NEO region.
We also examine the time that 252P/LINEAR has spent in a "visible" state (i.e.
q < 2.5 AU, Quinn et al. 1990 ). The value of 2.5 AU is considered as the distance from the Sun that water ice sublimation is expected to start (e.g. McNamara et al. 2004 ). We find the elapsed and total median time of 252P/LINEAR as a visible comet to be 4 × 10 3 yr and 1.2 × 10 4 yr, the latter of which is more in line to literature values (∼ 8.5 × 10 3 yr as given by Levison & Duncan 1994) compared to that in the NEO region. This indicates that 252P/LINEAR may have been active for some time before it entered the NEO region; but the process of thermal devolatilization occurs on longer timescales for comets with larger q (e.g. Jewitt 2004 ).
Current and Past Dust Production
The current and past dust production of comets can be constrained by cometary and meteor observations. A parameter commonly used as a proxy for cometary dust production 
where r H is the heliocentric distance of the comet, ∆ is the geocentric distance of the comet, Af ρ value is 0.6 cm, one of the lowest numbers ever measured for a comet and comparable with the reported Af ρ of another low activity comet, 209P/LINEAR (Schleicher & Ye -8 -2014 ). We further note that the Af ρ may be contaminated by the light reflected from the nucleus given the extremely low dust production of 252P/LINEAR, which may result in some overestimation of the measured Af ρ; hence, the actual Af ρ could be even lower.
To search for any meteor activity originated from 252P/LINEAR, we make use of the 252P/LINEAR is apparently a low activity comet, we use two different ejection models and repeat the simulation for each one of them: the "low activity scenario" described in Ye et al. (2016) and the "normal scenario" described in Brown & Jones (1998) . At the completion of the integration, we examine two scenarios of possible meteor activity: (1) meteor outbursts from young meteoroid trails. This is examined by selecting meteoroids that are approaching the Earth within 0.01 AU in the period of interest; and (2) annual "background" activity, i.e. activity from older, more dispersed trails, this is examined by selecting meteoroids with Minimum Orbit Intersection Distance (MOID) with respect to the Earth's orbit < 0.01 AU.
The simulation result for 2001-2020 is listed in Table 2 . We note that the result is sensitive to the choice of ejection model in contrast to other meteor showers, probably due Next, we conducted a search in the survey data collected by the Canadian Meteor Orbit Radar (CMOR) (c.f. Jones et al. 2005 , and references therein). We apply the wavelet technique described in Brown et al. (2008) at the computed radiants to search for meteor activity, without finding any enhancement (Figure 3 ). Using the number of background meteors detected by CMOR within a radius of 10 • of the expected radiant and 10% from the expected meteoroid speed, as well as the CMOR collection area as a function of the declination (Brown & Jones 1995) , we estimate the upper limit of the meteoroid flux to be at the order of 10 −4 km −2 · hr −1 to a limiting mass of ∼ 10 −7 kg, with an uncertainty within a factor of several due to the unconstrained mass distribution of the stream (which affects the collection area).
From the simulation, we find the meteoroid delivery efficiency (i.e. the fraction of the ejected meteoroids with MOID< 0.01 AU) to be η = 17%. Assuming that the meteoroids are uniformly distributed along the orbit of 252P/LINEAR, we can estimate the past dust production since the comet's entry into the NEO region using -10 -
where N is the meteoroid production per orbit, F = 10 −4 km −2 · hr −1 is the upper limit of meteoroid flux constrained by meteor data, P = 5 years is the orbital period of the meteoroids, ∆X = 0.01 AU is the collection area, and N orb = 50 is the number of orbits that the comet is active. By inserting numbers from previous analysis, we get N = 10 12 meteoroids, or ∼ 10 6 kg per orbit appropriate to millimeter-sized dust (assuming a bulk density of 1 000 kg · m −3 ). For comparison, the dust production rate of 55P/Tempel-Tuttle (parent of the Leonid meteor shower) is of the order of 10 11 kg per orbit (Vaubaillon et al. 2005) . While the actual number may be off by an order of magnitude, such extremely low number illustrate 252P/LINEAR as a comet with very low dust production, as well as its lack of significant activity since its entry to the NEO region.
Summary
The Shaded region indicates the predicted meteor activity from 252P/LINEAR.
-17 - Non-gravitational normal acceleration parameter A 3 3.36 × 10 −10 AU · d
−2
Nucleus radius R N 0.5 km a a Drahus (2015, personal communication).
-18 - 
